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Experiments to directly investigate the static and dynamic characters of the local structures were reported, with small-angle X-ray scattering [4, 5] , Raman spectrum [6] , dynamic light scattering [7] , and small-angle neutron scattering (SANS) [8, 9] . Recently, Sato et al. reported the structure of SCF carbon dioxide with alcohols with the SANS techniques [10, 11] , where pressure dependence of the correlation length and the intensity were analyzed from the viewpoints of density fluctuations.
They proposed that the third moment of the density fluctuations, or the skewness  , is a good indicator of the local density distribution, and derived the relation between  and the chemical potential of solvent v  [9] . Interestingly, they concluded that v  increases in the vicinity of the CP by adding entrainers [11] , which is contrary to a naive argument of osmotic pressure, where v  is expected to be a decreasing function of solute concentration.
In this paper, we report molecular dynamics simulations of model SCF systems, focusing mainly on the change of thermodynamic quantities by adding solute.
Since the pioneering work of Petsche and Debenedetti [12] , a large number of studies with molecular dynamics (MD) or Monte Carlo (MC) simulations were reported on the solute effects on SCF, but most of them are focused on the local density and clustering behaviour around the solute molecules. Here, we try to figure out the local density and thermodynamic properties of solvents..
Simulation Method

System
We carried out a series of canonical ensemble (NVT constant) MD simulations of monatomic fluid. The total number of particles N is only 1,000, close to [12] ; the 4 system size is certainly too small to investigate long range fluctuations near the gasliquid critical point quantitatively, but will be sufficient to qualitatively elucidate the entrainer effects. We compare molecular structures and thermophysical properties between a pure solvent system and a mixture (990 solvent particles + 10 solutes) at
conditions, corresponding to the experimental conditions [10, 11] , where the mole fraction of solute alcohol in SCF carbon dioxide is 0.01.
In the MD simulations, the equations of motion are numerically integrated with the leapfrog algorithm. The velocity scaling technique is adopted so that the average temperature becomes a given value. Time average for equilibrium properties is taken for sufficiently long run at each condition.
A snapshot for the mixture is shown in Fig. 1 , where the added solute particles are uniformly dispersed in general. 
Interaction model
As the solvent-solvent interaction, we adopt the Lennard-Jones (LJ) 12-6 potential for simplicity: 
The Lorentz-Berthelot combination rule is adopted so that the parameters of interaction between solute and solvent are 7.64 10
As the solute-solvent interaction is stronger than that of solvent-solvent, we expect that the model works as an attractive solute [14] .
In the following descriptions, we use reduced units with the solvent
 , and v m (particle mass), such as
The asterisk is often omitted to simplify the expression.
Simulation conditions
We focus on properties of fluid close to the gas-liquid critical point. ) cited in Table 4 in [15] , and close to a more recent work [16] .
We selected 10 simulation conditions in the vicinity of
T , , as shown in Fig. 2 .
A cubic cell is used, the size of which ranges from 14.2 to 15.
We use the time step [3] , although its magnitude is very small.
Results
Structure change
Chemical potential
The chemical potential is calculated with a standard technique of Widom's particle insertion [17] ,
where the first term is the ideal gas part,
The second represents the excess (or residual) part due to particle interactions,
where is evaluated as an statistical average of the Boltzmann factor of a randomly inserted particle, the potential energy of which is 1  N  . It would be better to evaluate the chemical potential in the NPT ensemble [18] instead of the canonical one because the constant volume condition suppresses the long-range fluctuations. In this study, however, we investigate the density dependence of  by adopting the canonical ensemble.
In Table 2 , the change ) pure ( ) mixture (
for the solvent is shown.
As expected, total v   is negative for all conditions, which agrees with the osmotic Table 2 Change of thermodynamic properties, (mixture)-(pure). The temperature r T and the specific volume per particle 
Other thermodynamic properties
Similarly to v  , the chemical potential of solute u  is easily evaluated; the results are not included in Table 2 because no specific tendency is observed, although a slight difference in volume dependence is discernible at the CP. With these two  , we estimate the Gibbs free energy of the simulated system (1000 particles) as
and
The change ) pure Table 2 . Since we obtain the total energy E and the pressure P directly in each simulation, other thermodynamic quantities are easily estimated. Especially important is the entropy,
where V is the volume of the system. In Table 2 , the difference S  is shown along
G  , and the enthalpy change
Naturally, the solute particles energetically stabilize the system at the CP, as indicated in E  . However, the pressure change Table 5 at 313 . 1 *  T . Some dependence is certainly observed, but the tendency is similar; the chemical potential change is smallest at the critical point. 
Conclusion
We investigated the local fluid structure and the thermodynamic properties of a model supercritical fluid with molecular dynamics simulation technique, focusing on entrainer effects from solvent viewpoints. By adding a small amount of attractive solute, (i) solvent molecules slightly gather at the critical point (CP) while they tend to disperse off the CP, and (ii) the chemical potential of solvent generally decreases in accordance with the osmotic pressure argument, but the change is the smallest at the CP, the behaviour of which qualitatively agrees with the analysis on recent SANS experiments. We speculate that theses two closely relates to the mechanism of entrainer effects. Certainly the simulation system is too small to realize the long range fluctuations near the CP, and the interaction model is too simple to incorporate realistic molecular interactions. Based on these findings, we will investigate the solubility change and other entrainer effects in more detail, using larger scale simulations and liquid theories.
